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Solution coating of functional small molecules in polymer ﬁlms is a convenient approach to
fabricating ﬂexible optoelectronic and photo-functional devices. Uniform dispersion of the
small molecule in the polymer and inhibition of aggregation are requirements for the
robust functioning of the devices. Alternate approaches such as incorporating the func-
tional molecule as part of the polymer chain have been examined, although such methods
limit the ﬂexibility in materials choice. While perylene or perylene tetracarboxy diimide
(PTCDI) or perylene imide (PI) phase separate into discrete crystals in polymer ﬁlms, we
ﬁnd that functionalizing the perylene imide with a polymer or oligomer segment that is
compatible with the host polymer matrix results in highly uniform dispersion of the small
molecule, with the inherent photophysical properties of the perylene segment unaffected.
We demonstrate this approach with oligostyrene–PTCDI–oligostyrene dispersed in
polystyrene, PDMS–PI and PDMS–PTCDI–PDMS in PDMS in solution cast ﬁlms and in
two-component gels from organic solvents. Fluorescent gels of polystyrene and PDMS
(without crosslinks or functionalization) were obtained via this route.
 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Dispersing functional small molecules in polymermatri-
ces is a common approach to fabricating organic-based
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graphic photoreceptors and polymer-dispersed liquid
crystal displays [1–6]. Solution coating of functional multi-
layers using such compositions are preferred for ﬂexible
devices. The relative concentration of the functional
molecule often has to be as high as 50 wt% in the polymer.
For example, Santerre et al. [7] reported the properties of
OLED devices based on N,N0-diphenyl-N,N0-bis(3-methyl-
phenyl)-[1,10-biphenyl]-4,40-diamine (TPD) dispersed in
polymers with high Tg. The best performance was obtained
with a TPD concentration of 75%. Detailed studies have
been reported on the morphologies resulting from phase
separation of three different charge transport molecules
in polycarbonates and polystyrene [8–11]. Molecular dis-
persion of the small molecule is essential and any phase
separation and crystallization would lead to degradation
of the device performance. Smith et al. [12] have shown
that crystallization of TPD was the cause of delamination
of an OLED device. Scharfe [13] discussed the effect of such
crystallization on charge trapping in photoreceptors. The
leaching of the transport molecule would be more preva-
lent in copiers and printers using liquid developers.
As an alternate to dispersing the functional small mole-
cule in polymer matrices, Limburg et al. [14] and Ong et al.
[15] designed arylamine based polymers and copolymers
by incorporating the photoactive molecules as part of the
chain to prevent phase separation. Design and properties of
several such polymers with arylamine functionality in the
main chain or side chain have been studied [16–18]. Conju-
gated polymers for solar cell applications have also been
examined [19,20]. All-polymer bulk hetero-junction solar
cells using blends of polymers bearing donor and acceptor
moieties have been reported by Jenekhe et al. [21]. The
advantage of using a functionalmolecule dispersion in a host
polymer is that either can be changed at will, whereas a spe-
ciﬁc polymer with the functional segment cannot.Fig. 1. OM of solvent cast ﬁlms of (a) perylene/polystyrene (5/95 wt%), (b) PT
polycarbonate (5/95) and (e) perylene/PMMA (2/98). Tetrachloroethylene was uPerylene and its derivatives have been investigated over
the past few decades for their applications in optoelec-
tronic and photovoltaic devices [22,23]. The classic crystal-
lographic investigations by Hädicke and Gracer [24]
related the effect of substituents on the p-overlap and
the color. The self-assembly facilitated by the p-interaction
can be modulated by substitutions at the imide nitrogen as
well as the bay positions [25–27]. Linear and dove-tail
substitutions have been used to create nano-ﬁber mor-
phologies [28,29]. Supramolecular association between
melamine functionalized perylene tetracarboxylic diimide
(PTCDI) and cyanuric acid via hydrogen bonding resulted
in nano-ribbon and nano-rope morphologies [30]. The
applications of perylene imides and diimides in solar cell
and organic electronics have been summarized in recent
reviews [31,32].
When perylene (or PTCDI) by itself was dispersed in a
polymer matrix, the small molecule formed discrete crys-
tals of a few microns as shown in Fig. 1, irrespective of
the solvent used for casting the ﬁlms. We discussed the
self-assembly of PTCDI substituted with oligostyrene on
both imide nitrogens (PS–PTCDI–PS, Scheme 1a) in solution
[33] as well as in the gel state [34]. In another study, we
substituted poly (dimethyl siloxane) (PDMS) on both imide
nitrogens (Di-PDMS) (Scheme 1b) or on one (Mono-PDMS)
(Scheme 1c) and reported on the differences in the mor-
phology of the mono and di-substituted PTCDI in solution
[35,36] and gels [37]. Both PS–PTCDI–PS and Di-PDMS are
non-ionic Gemini surfactants. We believed that by attach-
ing an oligomeric or polymeric chain which is compatible
with the host polymer, the mixing of such compatibilized
PTCDI would be better, and a uniformly dispersed
composite ﬁlm could be obtained. For example, with oligo-
styrene attached to PTCDI, we expect that a good dispersion
in polystyrene (Scheme 1d) could be achieved. In the pres-
ent work, we dispersed PS–PTCDI–PS in the correspondingCDI/polystyrene (5/95), (c) perylene/polycarbonate (2/98), (d) perylene/
sed for (e) and chloroform for the others.
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Scheme 1. (a) Polystyrene–PTCDI–polystyrene Gemini surfactant, (b) PDMS–PTCDI–PDMS Gemini surfactant, (c) inverse macromolecular surfactant PDI–
PDMS, (d) polystyrene and (e) PDMS.
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ite polymer ﬁlms. We also prepared gels of PS–PTCDI–PS
recently, with trans-decalin [34]. Since this solvent has
been used in the past for gelation involving polystyrene,
we prepared two-component composite gels with different
concentration of PS–PTCDI–PS in polystyrene. In our previ-
ous work, we used propylamine for gelation of Mono- and
Di-PDMS [37]. This solvent was also used for gelation with
PDMS without having to crosslink or functionalize the
polymer [38]. In the present work, we prepared PTCDI
dispersed gels of PDMS with different concentrations of
Mono- or Di-PDMS. The optical properties of the self-
assembled polymer-compatibilized PTCDI remained the
same upon dispersion in the corresponding polymer matrices.
2. Experimental
The syntheses of Mono-PDMS and Di-PDMS have been
described in our previous publications [35,36]. PS–PTCDI–
PS was synthesized as described by Islam and Sundararajan
[33]. Poly (dimethylsiloxane) (Mw = 182,600;Mn = 106,000,
CASRN 9016-00-6), polystyrene (Mw = 239,700 andMn = 119,600) and all the solvents (propylamine, chloro-
benzene, THF, or chloroform of laboratory grade) were pur-
chased from Aldrich Chemical Company. Solvent cast ﬁlms
were prepared by dissolving appropriate mixtures of
PS–PTCDI–PS and PS in chlorobenzene, THF, or chloroform.
Relative concentrations of 1, 5 or 10 wt% of PS–PTCDI–PS in
PS were used. Films were coated on a glass substrate using
an electrically driven ﬁlm coater and were dried at a
very low rate of the solvent evaporation at ambient condi-
tions for 24 h and then under vacuum for 24 h. The ﬁnal
thickness of the ﬁlms was about 20 lm.
Gelation studies on PS–PTCDI–PS (a Gemini surfactant)
were discussed in our previous publication [34]. In the
present work, PS/PS–PTCDI–PS composite gels were pre-
pared with 2–10 wt% of PS–PTCDI–PS in PS. A total solute
concentration of 0.8 mM was dissolved in trans-decalin
at temperatures ranging from 78 to 82 C with constant
stirring. This resulted in a red solution. Closed vials were
used to avoid the evaporation of the solvent. The gels were
prepared by slow cooling the solution and as a quick test,
gelation was conﬁrmed by tube inversion, i.e., no ﬂowing
solvent.
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any crosslinks or functionalization [38], as well as the gela-
tion ofMono-PDMS and Di-PDMS [37]. In the present study,
a solute concentration of 0.1 M (18.26 g/L) in propylamine
was used, with 2%, 5%, or 10 wt% Mono-PDMS and 5%,
10 wt% Di-PDMS in PDMS. Solutions were prepared with
constant stirring at temperatures ranging from 65 to
75 C. Gels were then prepared by slow cooling to room
temperature by turning off the hot plate. Gels were pre-
pared in closed vials to avoid the evaporation of the solvent.
Gelation was tested by tube inversion with no ﬂowing
solvent.
The optical micrographs (OM) were recorded using a
Zeiss Axioplan polarized optical microscope in transmis-
sion mode. Northern Eclipse (version 6.0 and 8.0) image
processing software was used to record the images. Scan-
ning electron microscopy (SEM) images were obtained
using a VEGAII XMU (TESCAN, Czech Republic) scanning
electron microscope. Dry samples were sputter coated
with 80:20 Au/Pd target using a Hummer VIII Sputtering
System (Anatech Ltd., Alexandria, VA). Thermal analysis
was performed using a TA Instruments 2010 differential
scanning calorimeter at 10 C/min heating rate. The instru-
ment was calibrated for temperature and energy withFig. 2. OM images of PS/PS–PTCDI–PS ﬁlms (top: 1 wt% PS–PTCDI–PS) and (5 wt
THF. Spin cast ﬁlms with PS/PS–PTCDI–PS (95/5 wt%) in (g) chloroform and (h)indium and tin as certiﬁed reference materials. DSC traces
for ﬁlms were recorded with about 8 mg of the samples
under the ﬂow of nitrogen. UV–visible absorption spectra
were recorded using a Varian CARY 3 UV–Vis spectropho-
tometer. The data were processed with CARY WinUV Soft-
ware version 3.00. The ﬂuorescent emission data were
collected using a Varian CARY Fluorescence spectropho-
tometer at the excitation wavelengths (kex) of 460 nm
and 417 nm with a bandwidth of 5 nm for excitation and
5 nm for emission. Data collection and processing were
done by Eclipse WinFLR Software (version 1.1).
3. Results and discussion
3.1. Morphology of the composite ﬁlms
While perylene, without any substitution, would form
crystals, attaching short chains to perylene mono- or dii-
mide leads to vesicular, nano-web or nanowiremorphology
when precipitated from solution or during gelation. Fig. 1
shows the opticalmicrographs (OM) of ﬁlms cast from chlo-
roform or TCE solutions of polystyrene, polycarbonate or
PMMA with low concentrations of perylene or PTCDI. Even
in the presence of the polymers, large, discrete crystals of% PS–PTCDI–PS) cast from (a,d) chlorobenzene, (b,e) chloroform and (c, f)
THF are also shown.
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Fig. 3. SEM images of ﬁlms with 5 wt% PS–PTCDI–PS (a–c) and 10 wt% PS–PTCDI–PS (d,e) using (a) chlorobenzene, (b) chloroform and (c) THF, (d)
chlorobenzene, (e) chloroform.
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the OM of ﬁlms of PS–PTCDI–PS in polystyrene, cast from
three different solvents. Spherical domains, with almost
uniform size are seen with ﬁlms cast from chlorobenzene
and chloroform. Especially with a 5 wt% concentration in
chloroform (Fig. 2(e)), dense spheres with uniform size are
seen. Such close packed morphology ensures that percola-
tion threshold has been reached andwould facilitate charge
hopping. The ﬁlms made with THF, however, do not show
discrete domains (see Optical Properties below). The length
of the oligostyrene chain attached to PTCDI in this case is
only about 12 units. The molecular weight of the polysty-
rene matrix is over 100,000. With the oligostyrene attach-
ment, single crystals of perylene is not seen in the
polystyrene matrix. We have shown previously that
drop-cast ﬁlms of PS–PTCDI–PS show vesicular and fused
vesicular morphologies [33]. Such spherical morphology is
maintained when this Gemini surfactant is dispersed in
polystyrene. Fig. 2(g) and (h) shows spin cast ﬁlms with
chloroform and THF. A highly uniform spherical morphol-
ogy is seen in these ﬁlms. With the oligostyrene segment
dispersed in the polystyrene matrix, the domain formation
is due to the self-assembly of PTCDI. Thus it is a supramolec-
ular solution.
Fig. 3 shows the SEM images of ﬁlms with 5 wt%
PS–PTCDI–PS in polystyrene. No domains similar to those
in Fig. 2(a), (b), (d) and (e) are seen in Fig. 3(a) and (b)
which would indicate that the domains seen in Fig. 2 aresub-surface. We have reported such a phenomenon before
in the case of a functionalized phthalocyanine dispersed in
polycarbonate or PMMA [39], as well as biscarbamates dis-
persed in polycarbonate [40]. In another study [41], we
described a polymer dispersed self-assembling small mol-
ecule system, in which a homologous series of carbamates,
with a hydrogen-bonding moiety and alkyl side chains,
was dispersed in polycarbonate. These self-assembling
molecules formed colloidal size domains in the polymer,
which involved a hierarchy of three levels of assembly.
When a ﬁlm is cast from solution, the self-assembly of
these small molecules is so rapid that they form domains
in the bulk of the polymer during solvent evaporation
and do not diffuse to the surface of the polymer ﬁlm. Due
to the sub-surface assembly, no domains are seen in the
SEM images, although their presence is seen in the trans-
mission OM. Fig. 3(c) shows that with THF, spherical
domains of less than a micron are seen on the surface as
well. The SEM images of ﬁlms with a higher concentration
of 10 wt% PS–PTCDI–PS (Fig. 3(d) and (e)) show domains
on the surface as well, with those in Fig. 3(e) being of nano-
meter size. The highly monodisperse size of these domains
show that spontaneous nucleation occurs due to self-
assembly in the polymer matrix. Fig. 4 shows the photo-
graphs of the polystyrene ﬁlms with 1, 5 and 10 wt% PTCDI.
Consistent with the OM observations, the ﬁlm is transpar-
ent with 1 and 5 wt%, becoming opaque with higher
concentration.
Fig. 4. Transparency of the PS/PS–PTCDI–PS ﬁlms. L to R: 1, 5 and 10 wt% PTCDI in polystyrene, cast from chloroform.
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the polymer matrix has another advantage. Typically, the
charge transport layer (CTL) of a photoreceptor contains
the charge transportmolecule (CTM) such as TBD, to a load-
ing of about 50%. Such a high loading of CTM essentially
leads to a metastable composite. Abrasion due to brush-
cleaning of the photoreceptor after each copy/print cycle,
leaching due to the use of liquid developer etc., result in
the loss of the charge transport molecule (CTM) which
would change the composition of the active layer and hence
its performance. Over-coating the CTL with abrasion-resis-
tant layers (such as siloxane) has been adopted as a route to
reduce the loss of the CTM [42]. Sundararajan et al. [43]
showed that introducing cyclodextrins in the CTL to form
polycarbonate/cyclodextrin rotaxanes reduced the abra-
sion signiﬁcantly. The use of a self-assembling molecule
such as PS–PTCDI–PS obviates the need for such add-on
coatings, since the active molecule is assembled sub-sur-
face in the polymer matrix. An optimum concentration is
needed as well for such sub-surface morphology since
beyond a certain concentration of the small molecule,
domains are formed on the surface as well, as seen in
Fig. 3(d) and (e). In spite of the domains seen on the surface
of the ﬁlms, note that these are highly monodisperse in size
(nanometers) in the case of ﬁlms cast from chloroform
(Fig. 3(e)).
To address the question of whether a compatible oligo-
mer is indeed required as a side chain to form such uniform
domains described above, we dispersed Mono-PDMS andFig. 5. The variation of glass transition temperature of polystyrene with
various concentrations of PS–PTCDI–PS using three different solvents.Di-PDMS in polystyrene. As the PDMS segment and poly-
styrene are not miscible, the morphology shown in Fig. S1
(Supplementary data) was obtained. The dagger-like mor-
phology in the OM shown in Fig. S1a is due to the fusion
of the vesicles of Mono-PDMS is the polystyrene matrix,
as seen in the SEM image in Fig. S1b.
As expected, the glass transition temperature (Tg) of
polystyrene was depressed as seen in Fig. 5. Although the
Tg was reduced from 104 C to about 80 C with 10 wt% of
PS–PTCDI–PS with the three solvents, the rate is different.
With the ﬁlms made with chlorobenzene and chloroform,
the Tg is reduced only by about 4 C with 5 wt% PS–
PTCDI–PS and the decrease is more pronounced thereafter.
However, with THF the decrease is linear, with the Tg reduc-
ing by 14 C, to 90 C with 5 wt% of PS–PTCDI–PS. The dif-
ferences in the morphology and the thermal property
between the ﬁlms made with the three solvents do not
relate to the solubility parameter. However, it should be
noted that the viscosity of THF is 0.48 cP, while that of chlo-
robenzene and chloroform are 0.75 and 0.56 cP, respec-
tively. The effect of the viscosity of the solvent on the
resulting morphology during self-assembly was discussed
before in our work on phthalocyanine aggregation in poly-
carbonate and PMMA matrices [39].M
A
C3.2. Optical properties of the composite ﬁlms
In our previous studies [37] on the self-assembly of
PS–PTCDI–PS in solution, the monomeric form of this com-
pound in chloroform showed three distinct peaks at 456,
489 and 526 nm in the UV–Vis spectra, corresponding to
the S0–2, S0–1 and S0–0 transitions respectively. The
UV–Vis spectra in Fig. 6 shows that PS–PTCDI–PS in the
ﬁlm with PS cast from chloroform is in aggregate form,
with peaks at 498 and 532 nm, which are red-shifted1 with
respect to the solution spectrum. The ﬁlms from chloroben-
zene also showed a red shit to 494 nm and 528 nm. In
addition, less intense peaks are seen in both Fig. 6(a) and
(b) at 564 and 589 nm with chlorobenzene and at 568 and
590 nm with chloroform, which could be assigned to the
aggregated state of PS–PTCDI–PS. However, when THF was
used as the solvent, the UV–Vis spectrum (Fig. 6(c)) showed
the monomeric form of PS–PTCDI–PS. The ﬁlm drop cast
from THF showed a major peak at 526 nm corresponding
to the S0–0 vibronic transition, a second peak at 491 nm cor-
responding to the S0–1 vibronic transition, and a hump at1 For interpretation of color in Fig. 6, the reader is referred to the web
version of this article.
Fig. 6. UV–Vis absorption spectra of ﬁlms drop cast from different solvents at different PS–PTCDI–PS concentrations.
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absorption spectra for the ﬁlms cast with chlorobenzene
and chloroform are broader which would indicate stronger
aggregation than that cast with THF. As discussed above,
there is a signiﬁcant difference in the morphologies of the
ﬁlms cast from the two chlorinated solvents and THF. The
latter did not show discrete domains in Fig. 2.
3.3. Composite gels
A recent review by Ajayaghosh et al. [44] summarized
the various p-system gels and their possible applications.
As wementioned in our recent publication, there have been
a fewstudies onperylenediimide andphthalocyaninebased
gels [26,45–49]. The poor integrity and mechanical proper-
ties of these gels limit their applications. Incorporating them
in polymer matrices and fabricating two-component gels
might be a route to overcome these limitations. Such gels
inwhich the twocomponents eitherdonot haveany speciﬁc
interactions ormutually complex are known [50–54]. In the
present work, both polystyrene and PDMS are known to
form gels. We recently discussed the thermo-reversible
gelation of PS–PTCDI–PS,mono-PDMS andDi-PDMS.Hence,we prepared the composite gels, in which the PTCDI bears
the compatible polymer segment inwhich it is incorporated.
Note that in contrast to theworkof others, the three gelators
do not have C@OandNAH type hydrogenbonding groups in
their structure.
The dissolution and gelation onset temperatures of the
different composite gels are given in Table 1. The table
shows the effect of concentration of the oligomer-function-
alized perylene in the corresponding polymer on the tem-
peratures of dissolution and the onset of gelation. For
example with the PS/PS–PTCDI–PS composite gels that
were formed with trans-decalin at 5% PS–PTCDI–PS, a red
solution was obtained at 82 C. When the solution was
slow cooled, a deep red-colored, opaque and immobile
gel began to form at 57 C. However, when the concentra-
tion of PS–PTCDI–PS increases to 10 wt% PS–PTCDI–PS the
gelation onset of gelation drops to 50 C.
3.4. Morphology of the composite gels
We previously discussed that the morphology of PDMS
gels (without crosslinks or functionalization) consisted
of interconnected spherical domains, the Mono-PDMS gel
Table 1
The dissolution temperatures and onset of gelation of the different composite gels.
Composite gel Solvent %wt Concentration of oligomer
functionalized PTCDI (%)
Dissolution temperature (C) Onset of gelation (C)
PS/PS–PTCDI–PS Trans-decalin 2 78 53
PS/PS–PTCDI–PS Trans-decalin 5 82 57
PS/PS–PTCDI–PS Trans-decalin 10 79 50
PDMS/Mono-PDMS Propylamine 2 65 55
PDMS/Mono-PDMS Propylamine 5 68 59
PDMS/Mono-PDMS Propylamine 10 66 58
PDMS/Di-PDMS Propylamine 5 65 55
PDMS/Di-PDMS Propylamine 10 63 53
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nano-ﬁbers. Fig. 7 shows the morphology of the composite
gels with PDMS/Mono-PDMS and PDMS/Di-PDMS.
Fig. 7(a)–(c) shows that the spherical/vesicular individual
morphologies of PDMS and Mono-PDMS are maintained
in the composite gels. Both the Mono-PDMS and the Di-
PDMS self-assemble in the PDMS matrix, forming uni-
formly distributed spheres for Mono-PDMS and ﬁbers for
Di-PDMS. The spheres in the background of the gel blends
are due to the PDMS which has also been known to gel in
propylamine [38]. Note that the distribution of the
Mono-PDMS spheres and Di-PDMS ﬁbers are fairly uniform
in the polymer matrix, considering that the relative
concentration of the Mono- or Di-PDMS is no more than
10 wt% in the polymer. Fig 7(g) and (i) shows the photo-
graph of the ﬂuorescent PDMS gel, with Mono or Di-PDMS
incorporated.
The morphology in the case of PS/PS–PTCDI–PS with
trans-decalin gel is shown in Fig. 8. As we discussed before,
PS–PTCDI–PS forms ﬁbrillar morphology in trans-decalinFig. 7. OM images of gels of PDMS with (a) 2%, (b) 5%, (c) 10% Mono-PDMS an
PDMS + 5 wt% MonoPDMS gel, (g) emission color (kEx: 470 nm), (h) PDMS + 5 wt
references to color in this ﬁgure legend, the reader is referred to the web versiogels, and so does polystyrene. The morphology of the com-
posite gel consists of inter-meshed ﬁbers of polystyrene
and PS–PTCDI–PS, as seen in Fig. 8(c). These ﬁbers are
few hundred microns long and also fold along their length
to resemble an eaves trough, as seen in the higher magni-
ﬁcation images in Fig. 8(d) and (e). This behavior was dis-
cussed in our previous work [34]. Fig. 8(g) shows the
ﬂuorescent polystyrene gel, with PS–PTCDI–PS in it.
3.5. UV–Vis and ﬂuorescence spectra of the composite gels
The absorption and ﬂuorescence spectra of the PS gels
with 2%, 5% and 10% PS–PTCDI–PS are shown in Fig. 9(a)
and (b). The absorption spectrum of the gel with 2%
PS–PTCDI–PS showspeaks at 500 and535 nmwith intensity
ratio I0–0/I0–1 of 0.97. There is a slight red shift of the of the
S0–0 peak, in the absorption spectrum with increasing con-
centration of PS–PTCDI–PS to 5% (503 nm, 546 nm) and
10% (504 nm, 548 nm) and the S0–0 peak increases in inten-
sity signiﬁcantly. Such a change in the relative intensity ofd (d) 5%, (e) 10% Di-PDMS. Photographs are shown for the following: (f)
% DiPDMS gel, (i) emission color (kEx: 497 nm). (For interpretation of the
n of this article.)
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Fig. 8. OM of polystyrene gels with (a) 5% and (b) 10% PS–PTCDI–PS; (c–e) SEM images of polystyrene gels with (c) 2%, (d) 5%, (e) 10% PS–PTCDI–PS. (f) and
(g) show the color of the gel and the emission color (kEx: 503 nm), respectively. (For interpretation of the references to color in this ﬁgure legend, the reader
is referred to the web version of this article.)
Fig. 9. (a) UV–Vis and (b) ﬂuorescence spectra of PS with 2%, 5%, or 10% PS–PTCDI–PS.
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PS–PTCDI–PS by itself [34]. Fig 9(b) shows quenching of
the ﬂuorescence with increasing PS–PTCDI–PS concentra-
tion. This would indicate a higher order aggregation process
with higher concentration.
The absorption spectra (not shown here) of the PDMS/
5% Mono-PDMS gels showed peaks at 470, 495 and a
shoulder at 545 nm. This is nearly identical to the spectra
of pure Mono-PDMS gels in propylamine. The quenching
of ﬂuorescence intensity indicated stacking of the perylene
units in the gel state.4. Conclusions
We have shown that dispersing oligomer functionalized
perylene imides in the corresponding polymers gives rise
to organized domains, without any change in the optical
properties. While perylene or perylene diimide by itself
will form single-crystal-like morphology when dispersed
in polymers, the oligomer attached to the imide nitrogen(s)
acts as a compatibilizer. Typically, concentration of 50 wt%
or more of the photo-conducting molecule (such as TPD) in
the polymer matrix is required for efﬁcient charge
E. Dahan, P.R. Sundararajan / European Polymer Journal 65 (2015) 4–14 13
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Ytransport. However, both self-assembly and percolation
threshold were achieved with less than 10 wt% of the oli-
gomer functionalized PTCDI in the corresponding poly-
mers, while maintaining the transparency of the
composite ﬁlm. The concept of photoconductors with con-
trolled aggregation was discussed by Dulmage et al. [55]
almost 36 years ago. In this paper we have shown that
polymer-compatibilized PTCDI enables creation of such
uniform morphology of self-assembled PTCDI segments.
It is also seen that the self-assembled structures develop
in the bulk of the polymer matrix, and are not seen on
the surface. This would be an advantage for ﬂexible poly-
mer based devices. Although nano-wires and similar self-
assembled morphologies have been reported with dove-
tail or hydrophilic/hydrophobic asymmetric substitutions,
the work described here involves compatibilization with
common, commodity polymers as matrices. The composite
gels discussed here show that the oligomer functionalized
photoactive molecules in the polymer based gels retain
their optical (aggregation) behavior and these could be
eventually candidates for ﬂuidic photoactive applications.
With the gels also, we used common polymers: polysty-
rene with a Tg of 100 C and PDMS with a Tg of 100 C.
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